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HIGH EFFICIENCY SCRUBBER FOR WASTE GAS ABATEMENT 

CROSS-REFERENCE TO RELATED APPLICATION 
5 This application claims the priority benefit of Taiwan application serial no. 

90106865, filed on March 23, 2001. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

10 [0001] The invention relates to a scrubber apparatus. More particularly, the 

invention relates to a scrubber apparatus for gas abatement. 
Description of the Related Art 

[0002] Semiconductor manufacturing processes generate substantial waste gases 
that need to be abated before discharging in atmosphere. Conventionally, waste gases 

15 produced during semiconductor manufacturing processes, such as fluorocarbon or PFC, 
are processed in a scrubber installed after exhausting pumps. Fluorocarbon is taken as 
exemplary waste gas in the following description since it is substantially used in 
semiconductor processes. 

[0003] With reference to FIG. 1, a schematic view describes a conventional 

20 scrubber apparatus. In FIG. 1, waste gases comprising fluorocarbon gases are to be 
treated by the scrubber apparatus 10. Fluorocarbon gases are delivered through waste 
gas inlets 12. To decompose fluorocarbon gases, high temperature condition is 
necessary. Accordingly, combustion with natural gas, such as propane, associated 
with oxygen, both delivered through respectively incineration gas inlet 16 and oxygen 
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gas inlet 14, is generated inside a divergent cone 18. The gas with byproducts 
produced during the combustion flows out of the divergent cone 18 through openings 20 
into the chamber 22. Cooling means 24, comprising a cooling circuit 26, cools down 
the gases that are treated in the scrubber 10. The cooling means 24, besides cooling 
5 down byproducts generated by the combustion, also enhances the removal of hazardous 
acid gases such as described hereafter. The byproducts produced during the 
combustion are processed according to two ways. Hazardous acids are neutralized 
through a scrubbing liquid 28, which can be typically an alkaline solution. The rest of 
gases pass up through a scrubber 30, are cooled by the cooling means 24, and pass 

10 through a mist eliminator 32 to be finally discharged into atmosphere. 

[0004] Issues related to the conventional scrubber, such as described above, 
principally lie in an occurrence of incomplete combustion. Incomplete combustion 
happens when the scrubber functions in a deficiency mode or when abnormal events 
occur during the combustion, the deficiency mode can be defined as a non-optimal 

15 functioning of the scrubber, which results in a combustion that does not provide 
sufficient heat to decompose adequately the waste gases. Consequently, secondary 
pollution may be generated because the scrubber apparatus 10 does not process the 
byproducts that are produced by the incomplete combustion. Untreated hazardous 
gases may be thus released into atmosphere and cause environment pollution. 

20 [0005] Another drawback of the conventional scrubber apparatus 10 is that a 

substantial amount of energy must be provided to decompose the fluorocarbon gas 
constituents. As a result, thermal waste is unfavorably generated during the 
combustion that, consequently, also necessitates a lot of coolant and refrigeration power 
to cool down the gases and byproducts issued from the combustion. In other words, 
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the conventional scrubber excessively consumes energy. A solution is thus needed to 
improve the conventional scrubber and overcome at least the issues and drawbacks 
described above. 

SUMMARY OF THE INVENTION 
[0006] One major aspect of the present invention is to provide a scrubber for 
waste gas abatement that can effectively decompose the waste gases. 

[0007] To attain the foregoing and other objects, the present invention provides 
a scrubber for waste gas abatement that comprises a waste gas inlet pipe; a divergent 
cone onto which come out the waste gas inlet pipe, an oxygen pipe and a combustible 
pipe to generate combustion therein for decomposing the waste gases; a means for 
initiating the reactions of decomposition mounted onto the waste gas inlet pipe before 
the divergent cone; cooling means directed to cool down the scrubber; and means for 
treating the byproducts generated during the combustion. 

[0008] With the above-described scrubber for waste gas abatement, the means 
for initiating the reactions of decomposition generates, inside the waste gas inlet pipe, 
radicals of waste gas constituents that effectively accelerate the decomposition of waste 
gases during combustion. The combustion consequently consumes less combustible 
than in the conventional scrubber and less coolant energy is also consumed. 

[0009] In one embodiment of the present invention, the means for initiating the 
reactions of decomposition is a laser that, adapted with the waste gas inlet pipe, outputs 
a laser beam through the waste gas inlet, such that substantial amount of radicals of the 
waste gases flowing therein can be initially generated. Alternatively, the means for 
initiating the reactions of decomposition can be a microwave radiation generator. 
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[0010] It is to be understood that both the foregoing general description and the 
following detailed description are exemplary, and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] The accompanying drawings are included to provide a further 
understanding of the invention, and are incorporated in and constitute a part of this 
specification. The drawings illustrate embodiments of the invention and, together with 
the description, serve to explain the principles of the invention. In the drawings, 

[0012] FIG. 1 is a schematic view illustrating a conventional waste gas scrubber 
apparatus; and 

[0013] FIG. 2, FIG. 3a, and FIG. 3b are schematic views illustrating a waste gas 
scrubber apparatus according to a preferred embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0014] The following detailed description of the embodiments and examples of 
the present invention with reference to the accompanying drawings is only illustrative 
and not limiting. A major aspect of the present invention is to facilitate and enhance 
the decomposition of waste gas constituents during combustion by generating radicals 
of waste gas constituents before they are submitted to the thermal process of 
combustion. The generation of radicals of waste gas constituents is carried out 
through applying a laser beam or microwave radiation to the waste gases just before the 
waste gases enter the divergent cone where the combustion takes place. As a result, 
the decomposition is facilitated and less energy is required to abate the waste gases. 
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[0015] Referring now to FIG. 2, FIG. 3a and FIG. 3b, various views 
schematically illustrate a waste gas scrubber according to an embodiment of the present 
invention. The scrubber 100 processes waste gases that are delivered through a waste 
gas inlet pipe 102. Waste gases that are to be treated comprise, for example, 
5 fluorocarbon gases such as carbon tetrafluoride (CF 4 ) that are substantially generated 
during semiconductor manufacturing processes such as, for example, vapor depositions. 

[0016] The present invention is constructed based upon the mechanism of 
decomposition of waste gas such as described hereafter, in exemplary reference to a 
decomposition of carbon tetrafluoride (CF 4 ). Carbon tetrafluoride (CF 4 ) gas, mixed 

10 with oxygen and natural gas that are delivered through oxygen gas inlet pipe 104 and 
incineration gas inlet pipe 106, is submitted to combustion in a divergent cone 108. 
The decomposition of carbon tetrafluoride (CF 4 ) that takes place is according to the 
following manner; 
CF 4 ^ F + CF 3 ^ F + CF 2 

15 F + CF 4 -^ F + F + CF 2 . . . 
CF 2 + CF 4 -> CF 3 + CF 3 ... 
CF 3 + 0 2 -»F + CO+ ...etc. 

[0017] A first step of the chain reaction of decomposition is to trigger a break 
of chemicals bonds in carbon tetrafluoride (CF 4 ). Carbon difluoride (CF 2 ) radicals and 

20 fluor (F), thus formed, then provoke chain reactions to decompose again fluorocarbon 
gases, such as described above. Among those series of chain reactions, the reaction 
that breaks chemical bonds in (CF 4 ) is the reaction which is most energy consuming, 
brought by the combustion. The combustion would be more efficient to decompose 
the waste gases if radicals, such as (CF 2 ), are previously generated to initiate the chain 
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reactions of decomposition, and less energy would be consumed. Hence, in 
accordance with the present invention, a means for initiating the reactions of 
decomposition 110 consequently is arranged before the divergent cone 108 to improve 
efficiently the reaction of decomposition under thermal process supplied by combustion 
5 in the divergent cone 108. The waste gas inlet pipe 102 thus is arranged to be adapted 
to the means for initiating the reactions of decomposition 1 10, such that radicals can be 
generated thereby. The means for initiating the reactions of decomposition 1 10 can be, 
for example, a laser or microwave radiation generator. 

[0018] FIG. 3a and FIG. 3b are enlarged views of the region of the scrubber 
10 comprising the means for initiating the reactions of decomposition 1 10, 

[0019] Referring to FIG. 3a, a schematic view illustrates the case where the 
means for initiating the reactions of decomposition 1 10 is a laser device. Transparent 
means, such as windows 1 12, are specifically adapted onto the gas inlet pipe 102 while 
a set of reflective mirrors 114 are arranged out of the gas inlet pipe 102. As a result, 
15 the laser beam can be sent a plurality of times through the gas inlet pipe 102. Under 
the intense focused laser beam, carbon tetrafluoride (CF 4 ) molecules inside the gas inlet 
pipe 102 are easily ionized or dissociated into carbon difluoride (CF 2 ) radicals at low 
temperature. FIG. 3b illustrates an alternative use of microwave radiation 116, 
produced by a microwave radiation generator, instead of laser beam for generating 
20 carbon difluoride (CF 2 ) radicals. 

[0020] In the embodiment of the present invention where a laser device is used, 
the laser device 110 is arranged such that the laser focal point is approximately 50cm 
distant from the divergent cone 108. The waste gas inlet pipe 102 has a cross section 
that is 0.317cm 2 and gas flow rate therein is 16.7 cc/s. The laser used can be 
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commercial high power laser which frequency stability is within the range of megahertz. 
The width of laser pulse is adjusted to lus, and spot size of focal point is 0.1mm to 1 
mm. With the use of a convergent lens, higher radical concentration can be expected. 
The generated radical concentration is of about 10 13 mol/cc when the laser power focus 
5 is in the order of megawatts per cm 2 . Radical recombination rate being 10 9 mol/s, 10 9 
mol/cc of carbon tetrafluoride (CF 4 ), by recombination with radicals, are thus 
decomposed between the location where the laser is applied and the divergent cone 108. 
In comparison with the present invention, in the traditional combustion method, the 
radical recombination rate is only 10" 3 mol/s. The cause of this relatively low rate is 
10 that only a small percentage of the thermal energy provided by the combustion 
participates effectively to the breaking of chemical bonds, a substantial remaining part 
of the thermal energy being distributed and dissipated into other different modes that do 
not intervene in bond breaking. In contrast, since laser is wavelength-specific i.e 
bond-specific, when a laser beam is applied to the waste gases before entering the 
15 divergent cone 108, such as used in the present invention, output energy is almost 
completely used to break the bonds within the constituents to be decomposed. 
Moreover, because laser is accurate and specific in wavelength control, waste gases 
different from the above exemplary mentioned carbon tetrafluoride (CF 4 ) can also be 
initially decomposed using the laser-assisted scrubber of the present invention. As a 
20 result, numerous radicals thence generated thus arrive at the divergent cone 108, which 
advantageously accelerates the chain reactions of decomposition during combustion that, 
consequently, is not required to provide as much thermal energy as in the conventional 
scrubber, and consumes substantially less oxygen and natural gas combustible. As a 
result, cooling means 118 is also less energy consumer. Then, byproducts produced 
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within divergent cone 108 pass through openings 120 into the chamber 122 to be 
processed by means for gas scrubbing, as in the conventional scrubber. 

[0021] In summary, the foregoing description of embodiments and examples of 
the present invention reveals at least the following features and advantages. Radicals 
of waste gas constituents can be advantageously generated at lower temperature through 
using the means for initiating the reaction of decomposition, such as laser device or 
microwave radiation generator. Thus, the reaction of decomposition can be 
substantially accelerated under the thermal process carried out through combustion, 
with a substantial reduction of hazardous byproducts amount that may be generated. 
Moreover, since the temperature of decomposition is reduced, the combustion can 
provide less thermal energy than in the conventional scrubber while the decomposition 
of gas is more efficient. Consequently, combustible consumption is substantially 
reduced as well as cooling energy. 

[0022] It will be apparent to those skilled in the art that various modifications 
and variations can be made to the structure of the present invention without departing 
from the scope or spirit of the invention. 



8 



